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qoh>r  }µt~wD}vwyghÁt~vrxb}mohCxJtmxb}t~rbmqomt² EêeJtvt~{3X BKBX«««³Ýebwx  r  Õ{ ;|³ Cwyg7L³ debh'x¨pbg  
`h	w ®[® wnwut  h	}vmoxÅ{brut~h	x¨tv}tr§uhCx wyp|t¨RVwyx  r E;pb{tvwrx rmo  ²ru qom§h^{|qsrxJt~h	
rveL(vhªyh>ruqo}ruJrmoxt~ebrut ® wFwt Õyvwpbx  mog{r	tzhCg2rmoxb}(wyx|h^w ® tvebh^g2rmx  mCpbq  
t~moh	}wyxbh½er}t~w ® r	h9mx¹t~ebh  h	}vmox¬w ® vwbpb}t2Cwx¨tvvwyqqor>«(} ® wk«.rq§¨moxb vw`wtv}
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g2h	x¨tC³¬de|mo}{bvwbqoh	g9¶LebwN«hªyh	C¶mo}gwyvh}hCxb}mtvmªyh ® wykt²«¯w! ²qhCyh  vwywt~}tverx
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w ® «(vm±t~mox|Áw ® t~e|mo}^{br{`h	r	Cwy  moxb9t~wÁtvebhmox ® wvg2rut~mwyx gµr  hr>ªrumoqsrubqohJ!tvebh
wX«(x|hCv}	³ VwN«¯h	ªhC´tvebh}wyqopnt~mowx ® wz	wyxJt~wyq  hC}moyxbh  J Vwx  r mC. 3  ) 	
8 7	 G!5{!?89!":m.I3!-mC.P	v	- T	A.	 (.P{ 8 %M.m O
A	 {+ !C ? !	\.PAm	!". %  '9 !C67	  !"S	 "$#
%[
 %!!5	E;~ruttE@yyKL+L³Õt mo}tvebh ® hChCqmoxbw ® t~e|hµrpnt~ebwy}©t~eruttvebh{bvwy|qohCg
w ®(® hCh  r§¹Cwx¨tvvwyqw ® bmo{h  ruq.vwywtv}^«(moqqxbwth}vwqªyh  {bvwy{hCq r}qowyx| r}
t~ebh  nxbrg2mC}¯w ® }vpbe}F}°t~hCg}mo}¯xbwt¯t~ebwywypbye|qpbx  h	v}°t~wFw  ³²x ® rt>¶¨t~ebh©g2rmx
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D bm{`h  >rux`hvh	{bvh	}vhCxJtvh  ¨9rxÁmoxJªyh	t~h  {`h	x  pbqpbg¸}F}tvhCg t~eruter}r2Cwx. 
}t~vrmox|h  gwt~mwyx  p|htvw t~ebh ® wy«r  rx  r§J«.ru  mog{r	tv}w ® t~e|h}«(mox|qomog^
«(mt~eÅt~ebhywypbx  ³ D qt~e|wypbyeÅ}vmg2mqsr´tvw9tvebhµ}°t~vp|	t~p|vhµw ® ªFmobvrut~mwyx  rg2{hC}mx
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qomgkb} «(mt~e¹tvebh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ªnmb~rYt~mowx  rg{`h	 vh	gµrumoxb}2moxSCwx¨t~r	t«(m±t~eºt~e|h'vh ® h	vh	xbCh ® ~rug2h'rYtrqoqzt~mg2h	}
`h	>rpb}hw ® tvebhebmxbyhkt~ebrutmo}©qwnCrut~h  `ht²«h	hCx!tvebh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r |mo{h  >ruxÅwn§9r§'rux  ® wytve«(ebmoqh^t~e|h}«(mox|qomog^
ûû × &>ò%
Q   	 	!	6[!6\43!+A:T0
	3O& !!5-& !C+
	{
vhCg2rmxb}(rwXªh©t~ebh«.ruqo§¨moxb}pb ® r	h ® wyzrqoqt~moghC}	³¯lnpbeÁgwtvmowyxb}¯«(moqoqÊ`hwyp|tv}vm  h
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wyxbhqomgkm}©{bmªwt~h  tvw t~ebhywypbx  «(ebmqoh^tvebhwtvebhCmo}´}«(mox|ymoxbmxt~ebh ® wy°«.ru 
 mohC	tvmowyxE;w{`h	xµ§¨moxbh	gµrYt~moebrmox2Cwyx|­bypb~rYt~mowxL¶¨rx  t~ebh  wyp|bqohz}vpb{|{`wy°t{|er}vhu¶
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mo}}«(mox|ymoxbÅmox1t~ebh ® wy«r º mohCt~mowx E;	qowy}h  §FmxbhCg2rutvmoermxºCwyxn­ypbvrut~mwyxL³
debh'mog{rt w ® t~ebh'qh>r  moxb qmogk1«(mtveºt~ebh«rqo§¨mxb¹}vpb ® rCh g2r>Ïqh>r  tvw t²«w
{`wy}}vmbqoh©ªyh	qowFCm±t²wyp|t~	wyghC} ® wyt~ebht~m{9w ® t~ebht~vrmoqmoxbqmogk Xh	mtvebhC(t~ebht~vrmoqmoxb
qomog^ vh	gµrmxb}.mxCwyxJtru	t(«(mtvetvebh©ywypbx  wym±t  h	t~rebh	}C³[¿ ebhCx½`wut~eqomgkb}rh
 h	t~rebh  ¶Ftvebh(bmo{h  mo}mxtvebh {@myeJt{ber}h´rx  tvebh(vhC}pbqtvmoxbgwt~mwyxmo}pbxbxbmxb
wy}vwygh©wtvebhCt²F{`hw ® xbwyx  Õ«rqo§¨mox|gwtvmowyx·³
D xJ!h»Êwtt~erYtmxJªywyq±ªyhC}rxruq¨t~m>rqH}°t~p   w ® tvebh  nxbrg2mC}w ® Jrmtx|hCCh	}v}m  
trutvhC}Lrt~ebwywypbye§¨xbwN«(qoh  yh(w ® t~ebhmxJt~hCxrq}°t~vp|	t~p|vh(w ® t~ebh(qowFCwg2wtvmowyx}F}tvhCg½³
¿ ebhCx tvebh}F}°t~hCg mo}e¨pbg2rxwyrxbmgµrq@¶yt~ebm}.}tvvpbt~pbh©mo}¯hFt~hCghCq2Cwg2{bqmoCrut~h 
rx  qomtt~qh^mo}©§¨xbwN«(xDr`wp|t©t~ebh	wyxJt~vwq}t~vrut~h	tverut mo}©pb}h  ¨ e¨pbg2rx hCmox|y}
rx  rxbmog2rq}¯t~wvhCrqomÂChr{r°t~mCpbqor.gwt~mwyxrx  rebmh	ªyh }t~rbqh yrmtC³ ® t~e|h }°F}  
t~hCg vh	{bvh	}vh	x¨tv}^r2gµrxÁgµr  hkgµruebmoxbhwy©r x¨pbghCmo>ruqgw  hCqvhC{|vhC}hCxJt~mxb}vpbe
r9g2rebmox|h¶wyxbhµebr}tvwÁ}FxJt~e|hC}vmÂCh 	wyxJt~wyq¯}°t~vrut~h	ymoh	}^rx  {`h	 ® wygµruxbChCmtvhCvmor
t~eruttv~rx|} ® wyg*gkpbq±t~m  Õ`w  }F}°t~hCg}t~w«.ruqo§¨moxbrup|t~wyg2rut~r|³
"h	ªFmo}moxbk{|~rt~moCrqPCwyxJtvvwyqrebmtvhC	tvpbvh	} ® wyLbmo{h  rqPvwywt~}	¶nhCg2rmox|}Ltvw^hr
erqoqhCxbmoxb{bwybqoh	g9³de|h^{bwybqoh	g mo}(t~myeJt~q Cwypb{|qoh  «(mt~e½t~ebhCwyxJtvvwyqÄ}tvp  mhC}
mox t~e|hrvhCrw ® vwywt~mµg2rxbm{bpbqsrYt~wy}C³ x|qomo§uhgµruxbmo{bp|qsrutvwyv}	¶/ebwN«¯h	ªyh	C¶¯bmo{h  ruq
gµre|moxbh	}Crx er>ªyh2gµrux¨ t²F{hC}kw ® g2wtvmowyxÊ³ debhµ	wyxJt~wyq¯wFhCt~mªhC}}vebwyp|q  h
>rh ® pbqq }vh	qohCt~h  tvw©Cwyx ® wvg«(m±t~er}{`h	Cm­b(t²F{hw ® g2wut~mowx·³ D CwyxJt~wyqb}°t~~rYt~hCu
t~erutkmo}^}hCqhC	tvh  ® wy^e|moye¹}{`h	h  «.ruqo§¨moxbÁgµr>!>rpb}h t~ebh}°F}t~h	g t~wtv~rx|} ® hCt~w




(/moyp|vh´[XdLF{hC}w ® gwtvmowyx X/rL¯ÃwFCwygwtvmªyhL¯¾zwyx. ÕqowFCwygwt~m±ªyht²F{`h	}(w ® wy}v	moqqsr  
t~mowxw ® r}vmg2{|qoh{hCx  pbqopbg mLh	vmw  m©g2wut~mowx
²xJªhCtvh  {`h	x  pbqpbg g2w  hCq}^w ® ªurmowypb}Cwyg{bqhnmtvmohC} er>ªyhhCh	x¹hFt~h	xb}vm±ªyhCq±
pb}vh  mx t~ebhµg2w  hCqmoxb9w ® Jrm±tkw ® e¨pbg2rxb}rx  bmo{h  ruq¯«rqo§¨mox|'gµre|moxbh	}C³ D q  
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t~ebwyp|ye·¶¨t~ebh  FxrgmoC}Lw ® |mo{h  rqqowFCwg2wtvmowyxm}¯mxJt~pbm±t~mªhCq±}vmg2mqsr/tvwtverut.w ® rx
moxJªyh	t~h  {hCx  p|qopbg½¶bt~ebh	vhmo}zr ® pbx  rghCxJtrqÄ¼¨pbh	}t~mwyx9tveruter}(t~w2`hr b hC}}vh 
mox r}}vhC}}vmxbt~ebhkªurqm  m±t²9w ® tvebhgw  h	qa³ debh¼¨pbhC}°t~mwyxÅrvm}vhC} ® wyg¸t~ebhmxbebhChCxJt
moxb}°trbmqom±t²9w ® mx¨ªhC°t~h  {`h	x  pbqpbg}©mox pb{bmoyeJt {`w}vmtvmowyx|}C³kÕt mo}«¯hCqq§¨xbwN«(x!t~ebrut
wyxbhCrxkeruxbyhtvebh.}tvvpbt~pbvrq|}°tr|moqom±t²©w ® mx¨ªhC°t~h  {hCx  pbqop|gÀ}°F}t~h	g2}J^r{b{bq±- 
moxbt~wy¼¨pbhC}©rYtªurmowypb}Hwymx¨tv}C³  wyxb}m  h	rµ}moxbqoh  hCvhCh^w ®H® vh	h  wg gw  hCqt~ebrut
Cwyxb}mo}°t~}[w ® wyxbh(gµru}v}Lrx  rt~wy}vmowxrqb}{bvmxb rutt~ebhz{bm±ªywt[{wymoxJtC³/d[n{|mo>ruqbt²n{hC}Lw ®
g2wtvmowyxµmoxb	qop  h©w}vCmqoqorut~mwyxb}¯r`wp|tt²«w}t~rut~m©hC¼¨pbmqomo|vmsrrx  rkt~ebm  t²F{`h«(ebh	vh
t~ebh{hCx  p|qopbg p|x  hCywFhC}	FCqmog2wut~mowxb}C³¹debh	}vht~ebhCht²F{`h	}µrh  hC{bm	tvh  mx
(/mob³3EaL¶brux  qsrhCqh  r} D ¶Srx   vh	}v{hCt~mªhCq±y³L¾wN«¶|«¯hr b t²«¯wgwyhqomxb§¨}
t~wÁtvebh wyxbh2qomxb§'}F}tvhCg }pbe t~ebrut^tvebh }F}°t~hCg qowFwy§¨}qmo§ht~ebh2wyxbh {|vhC}hCxJt~h  mx
(/mob³xE;L³H¿ ebh	x «h©	wnw  mxrut~hzt~ebh´g2wtvmowyx2w ® ªurvmwypb}.ghCg^`h	v}J r{b{bq±nmxbkru{. 
{bvwy{|vmsrYt~h/wymoxJtLgwyg2h	xJt~}C¶J«¯h´g2r>rJrmx2wb}vh	ªyht~ebh(t~ebhCh(t²F{`h	}.w ® gwtvmowyxt~ebrut
«h©er>ªh©wyb}vh	ªh  mox t~e|h}vmxbyqohg2h	gkhCCr}vh EVpbgkpbÂ	qop?H 9wy}v§uwN«(mt~Â ENyJL+L³
²x2t~e|h´{bhC}vh	xbCh´w ® t~e|hz«rqo§¨mxb}pb ® ruChtvebh´}°F}t~h	g g2r>}tvmoqoq|`her~ru	t~h	vmÂCh  r}
t²n{h D wy´¶Êru}´qowxbµru}rqqÄtvebh^{brtv}w ® tvebh^}°F}t~h	g hCg2rmox9rwNªyh^tvebh^ywypbx  ¶
(/mob³AEG;n³ßrLHrux  (/mob³9EG;n³ÝL³¿ ebh	xtvebh}F}°t~hCghCebrNªFmwymo}Hw ® t²F{h  ¶ebwN«hªyhC	¶Ftvebh
}«(mox| qomgk«(moqoqÄ	wyxJtrt´t~e|hkyvwpbx  EêebhCh	q/}°t~vm§hLrx  t~vmyyh	´rermoxÁw ® h	ªhCxJt~}
t~erut¯g2rNqh>r  t~w^}°tr|qohz{bvwyvhC}}vmwyx·³debhmog{`wy°trx|Ch(w ® t~e|mo}LCwyxJtru	t.hªyh	x¨t(Crx
`h©h	tt~hC(pbx  hC}t~wFw  m ® tvebhg2wut~mowxmo}  h	{bmot~h  moxtvebh{ber}h }{r	h w ® t~e|h©}trYt~h
ªruvmsrubqoh	}C³
(a) Type A (b) Type B (c) Type C
(/moyp|vh ;AXd[F{`h	}w ® gwt~mwyxw ® rtvebvh	hhCqoh	g2h	xJt|mo{h 
¿!h}vmg2{|qom ® Át~ebh{bhC}hCxJt  mo}Cpb}}vmowx¹¨  hC}Cvmbmox|Át~ebhhªyh	x¨tv}tverutqh>r  t~w
}trubqoh{bwyyvh	}v}mowyx!w ® rbmo{h  ® wyr½}moxbqoh  h	yvh	hµw ®¯® vhCh  wyg }°n}°t~h	g9¶He|wX«¯h	ªhC
t~ebm}r{b{bwJre>rux2hyhCx|hC~ruqomoÂ	h  tvw©ebmoye|hCwy  hCgw  hCqo}	³de|hz{|er}vh{|qsrxbh{wy  
t~~rumtCwyvhC}{`wx  mox|µt~wµtvebhk{bh	ªFmowpb}vq±  h	}v	vmoh ' nxbrg2m^hCer>ªFmow´mo}  hC{|mo	tvh 
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«(mt~e9wmoxJtkwtrutvmowyx|}^w ®  ¶   ¶Lrx    ³Ådebh}~rg{bqhµ{beru}vh{bqorxbhµtv~rXh		t~wvmoh	}
CwyvhC}{`wx  mox|tvwh>re t²F{`hw ® hCer>ªFmowyruvhqsru`h	qoh  ruCCw  mxbyq³^debhªyh	tvmo>ruq
 r}ve|h  qmoxbh	}[vhC{|vhC}hCxJttvebh(ªruqopbh	}Lw ® t~e|h	wnwy  moxbrut~h  h	{bmot~h  moxt~e|h{bebr}vhz{bqsruxbh
® wy¯«(ebme t~ebh´CwyxJtru	t.wFC	pbv}	³ (Pw¯t~e|h´gwt~mwyxb}  hC{bm	tvh  mox2t~ebm}¯­yp|vh¶Ft~ebh´wyxbq
t~~rNhC	tvwyµt~erutzqh>r  }.tvw2	wyxJtrtzmo}  ³debh CwyxJt~r	tzh	ªhCxJt ® w.t~ebm}}vmog{bqhg2w  h	q
{bvw  pb	hC}t²«w2}vmgkpbqt~rxbh	wypb}.hªyhCxJtv}X
y³(²g2{br	tC¶X«(e|moe^m}vh	{bvh	}vhCxJtvh  J r(}vp b hCx^ebrxbyhLmoxyh	xbhCvrqomÂCh  ªhCqowFCm±t~mhC}C³
n³lF«(mtvebmox|  pbh©t~wt~ebh©tv~rxb} ® hC(w ® {bmªwtt~wtvebh{`wymxJt(w ® 	wyxJtrt>³
D t^t~ebm}mxb}t~rxJt>¶/tvebh vwqohw ® t~ebh2qomgkb}rvh2hnerxbh  ¶t~e|h wyq  }t~rxbChµqomog^
`h	CwyghC}zt~ebhxbh	« }°«(moxb qmogk½rx  t~ebhwyq  }«(mxb qmogkhCCwg2h	}t~e|h^xbh«}°trx|Ch
qomog^·³debmo}khnerxbyhm}^	qsr}}vmoCrqoq±'vh@hCt~h  J!}vp | hCx$erx|yhC}mx!t~e|hµªurqopbh	}
w ® yh	xbhCvrqomÂCh  {`w}vmtvmowyx|}µrx  ªyh	qowFCm±t~moh	}C³ debh	wygkbmxbh  h	»`hC	tµw ® mg2{ru	tµrx 
}«(mtvebmox|½wxÅtvebh{ber}h{|qsrxbh{wytv~rm±tm}  hC{bm	t~h  mx (/mob³ E;ib³ L³ D } }vebwN«(xDmx
t~ebh­yp|vh¶Jtvebhh	»`hCtw ® t~e|hz	wyxJtrt[h	ªhCxJt«(mqoq|hzr©}vp b hCx2tv~rx|} ® hCmxt~ebh({beru}vh
® vwyg {wymoxJt9Át~w {wymx¨t n¶.«(ebmeºmo}2yhCx|hC~ruqoq$qwnCrut~h  wyxºr  m»`hChCxJt  Fxrug2m
t~~rNhC	tvwy'tverx t~ebhwymoymxrq/wxbh³2 ® t~e|h  h	}tvmoxrutvmowyx w ® t~ebm}©t~~ruxb} ® h	 m}wyxÅtvebh
wyvmymoxruqt~vrXhCt~wy°y¶tvebhCxÏtvebhÁhC}pbqtvmoxbÅg2wut~mowx1hC	wyghC}µ{hCmow  moEêma³ h³[r!qmogmt
	FCqhru}z}ebwN«(x9mx (/mob³ E;ib³ mL5L³
D xbwtvebhCzy~ru{bebmoCrq·	wyxb}tvvpbt~mwyx9w ® t~e|hhªywyqp|t~mwyxw ® tvebh}°trutvhw ® tvebh}°F}t~h	g
mo}  hC{bm	tvh  mx (/mb³ E;ib³  L³ de|mo}µ	wyxb}°t~vp|	t~mwyxºm}2wyntrmxbh  ¨$­}tµebwnw}vmox| r
wymxb>r  }vh		t~mwyx E;mx'>r}hw ® |mo{h  rqqowFCwygwtvmowyxÁrµ«h	qoq  h­xbh  mox|}trux¨t  pbvmxb
t~ebhkyrmt	FCqhmL³(wy´h|rg{bqohu¶Êqohtpb}r}v}pbg2hktverut«hebwFwy}hkt~ebhke|hChCq/}t~mo§uhr}
t~ebhzwmoxbCr  }vh		tvmowyx·³/debhCx·¶¨«¯h´>rux2wyntrmx2r©}hC¼¨pbhCx|Chw ® {`wmoxJt~}	wyxb}tvvpbt~h  J
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